Summary. In Exp. 1, injections of 10 ml bovine follicular fluid (bFF, i.v. or s.c.), given twice daily for 3 days after injection of a luteolytic dose of PGF-2\g=a\,delayed the onset of oestrus in 3 of 6 heifers to 8 or 9 days after PGF-2\g=a\, as compared with 2 or 3 days after PGF-2\g=a\ in control heifers. Mean plasma concentrations of FSH and LH during the injection period were not different from those in saline-injected heifers. In Exp. 2, i.v. injections of 20 ml bFF twice daily for 3 days uniformly delayed oestrus to 8 days after PGF-2\g=a\(N = 4) and injections of 20 ml bFF i.v. every 6 h for 24 h on the day of PGF-2\g=a\injection delayed oestrus to 5\m=.\0\ m=+-\ 0\m=.\6 days after PGF-2\g=a\as compared with 2\m=.\8\ m=+-\ 0\m=.\3 days for control heifers. In both treatment groups, plasma concentrations of FSH were suppressed during the injection period and increased transiently after treatment, but plasma concentrations of LH during the injection period were not different from those of control heifers. Plasma levels of oestradiol in heifers given bFF remained basal for 2 or 3 days after treatment, then increased several days before the delayed oestrus, in a manner similar to that in control heifers, and elicited normal preovulatory surges of LH and FSH. Plasma concentrations of progesterone and the length of the next oestrous cycle were normal, indicating formation of functional corpora lutea. Therefore, bFF treatments appear to delay oestrus by selectively suppressing plasma FSH, without affecting LH, and delaying the development of the preovulatory follicle. These results suggest that FSH may be critical to support the growth and development of the preovulatory follicle after luteolysis in cows.
Introduction
FSH and LH are essential for growth and maturation of ovarian follicles (Richards, 1980) , but their relative roles during the final stages of follicular development in cattle have not been clearly defined. In cattle and sheep final growth and maturation of preovulatory follicles occur during a short follicular phase lasting several days after luteolysis (Hansel & Convey, 1983) . After luteo¬ lysis, basal plasma concentrations of LH and the frequency of pulsatile LH release increase (Rahe, Owens, Fleeger, Newton & Harms, 1980; Goodman et al, 1981; Schallenberger, Schams, Bullermann & Walters, 1984) . Increased stimulation by LH is thought to promote preovulatory follicular development (McNatty, Gibb, Dobson & Thurley, 1981; McNeilly, Fraser & Baird, 1984) . In contrast to changes in plasma concentrations of LH, concentrations of FSH decline after luteolysis in cows (Butler, Katz, Arrióla, Milvae & Foote, 1983; Schallenberger et al, 1984) and sheep (L'Hermite, Niswender, Reichert & Midgley, 1972) , suggesting that increases in FSH are not needed for the final stages of follicular development. In addition, ovulation can be induced in anoestrous ewes by injections of LH (McNeilly, O'Connell & Baird, 1982 (Channing et al, 1982; Grady, Charlesworth & Schwartz, 1982) . Injections of bovine follicular fluid during the follicular phase of the oestrous cycle in heifers and ewes lengthened the interval from luteolysis to oestrus (Miller, Critser, Rowe & Ginther, 1979) and subsequent studies with ewes showed that plasma concentrations of FSH decreased during treatment (Miller, Critser & Ginther, 1982; McNeilly, 1984) . Injections of bovine follicular fluid to ovariectomized heifers, prepubertal heifers and cyclic heifers during the late luteal phase of the oestrous cycle decreased plasma concentrations of FSH, but did not alter plasma concentrations of LH (Ireland, Curato & Wilson, 1983; Braun, Schams, Buck & Leidl, 1983; Johnson, Smith & Elmore, 1985) . (Bolt & Rollins, 1983; Butler et al, 1983 ) using reagents obtained from the USDA Animal Hormone Program. Reagents included (1) specific antiserum directed against the ß-subunit of highly purified bovine FSH (USDA-FSH-BPlß), (2) purified bovine FSH (USDA-FSH-BP3) for radioiodination (using chloramine-T; Bolt & Rollins, 1983) , and (3) a standard preparation of bovine FSH (USDA-FSH-B1, with biological potency [1] [2] [3] [4] [5] [6] [7] NIH-FSH-B1). The second antibody was the same as that used in the RIA for plasma LH. The sensitivity of the assay was 0-9 ng FSH/assay tube (30 ng/ml). The intra-assay CV was 9-4% and the inter-assay CV was 12-8% (18 assays; average for 2 pools at 54% and 40% on the standard curve).
Plasma concentrations of progesterone were measured by a specific RIA (Beai, Milvae & Hansel, 1980 ) with a sensitivity of 16 pg/assay tube, an intra-assay CV of 8-7% and an inter-assay CV of 13-4% (9 assays; average for 2 pools at 73% and 32% on the standard curve). Progesterone was extracted from 100µ1 plasma with petroleum ether. Recovery of labelled progesterone added to cow plasma was 84-3 + 0-8% (s.e.m.; = 50) and the solvent blank was negligible. Values were not corrected for recovery.
Plasma concentrations of oestradiol-17ß were measured using a modification of the extraction, purification, and RIA procedure of England, Niswender & Midgley (1974) . The antibody is highly specific for oestradiol-17ß (Korenman et al, 1974 antibody. The assay sensitivity was 0-6 pg/assay tube (0-9 pg/ml). The intra-assay CV was 81% and the inter-assay CV was 8-5% (4 assays; average of 3 pools at 42, 27 and 12% on the standard curve).
Statistical analyses. (Gill, 1979 (Figs la, 2a) . In heifers treated with bFF for 3 days plasma levels of FSH were 28% lower (P<005) than those in control heifers by 6 h after PGF-2a (the time of the first injection of bFF). In heifers treated with bFF for 3 (Figs 4a, b,  c) . In heifers treated with bFF for 3 days, oestradiol did not increase until 4-6 days after PGF-2a and peaked at oestrus. Similarly, in heifers treated with bFF for 1 day, oestradiol increased several days before oestrus and the preovulatory surges of LH and FSH. The magnitude of the delayed rise in plasma concentrations of oestradiol in bFF-treated heifers was not different from that in control heifers and resulted in relatively normal preovulatory surges of LH and FSH. One exception was a heifer treated with bFF for 1 day which showed persistent oestrous activity between 5 and 9 days after PGF-2a, had two peaks in plasma oestradiol at 5 and 8 days (Fig. 4) and failed to form a corpus luteum (Table 2) .
Treatments with bFF did not affect plasma concentrations of progesterone during the oestrous cycle after treatment (F>0-05; data not shown) or alter the length of this oestrous cycle ( Table 2 ), indicating that normal corpora lutea were formed (with the exception of one heifer described above).
Discussion
Treatment of heifers with injections of bovine follicular fluid after PGF-2a-induced luteolysis delayed the normal preovulatory increase in plasma concentrations of oestradiol and the onset of oestrus, suggesting that development and/or function of preovulatory follicles was inhibited during treatment. Plasma concentrations of FSH were suppressed during the injection period but basal concentrations of LH were unaffected, increasing similarly after luteolysis in treated and control heifers. These results suggest that LH alone is not sufficient to stimulate the normal development and/or function of the preovulatory follicle after luteolysis, but that FSH also plays a critical role.
The results of Exp. 2 are consistent with other reports in cattle that injections of follicular fluid selectively suppress plasma concentrations of FSH (Ireland et al, 1983; Braun et al, 1983; . In contrast, Plasma concentrations of FSH in control heifers decreased after PGF-2o>induced luteolysis, in agreement with reports that levels of FSH decline during the follicular phase of normal oestrous cycles (Butler et al, 1983; Schallenberger et al, 1984) . However, concentrations of FSH in follicular fluid-treated heifers were significantly lower and decreased earlier after PGF-2a treatment than in control heifers. These findings are consistent with reports that treatment of cyclic ewes with bovine follicular fluid delayed the time from luteolysis to oestrus (Miller et al, 1979) and decreased plasma concentrations of FSH without changing basal concentrations and pulsatile secretion of LH (Miller et al, 1982; McNeilly, 1984) . In monkeys, relatively small decreases in plasma concentrations of FSH induced by injections of pig follicular fluid during the follicular phase of the cycle impaired follicular development (Stouffer & Hodgen, 1980; DiZerega et al, 1981; Channing, Anderson, Hoover, Gagliano & Hodgen, 1981 (Richards, 1980) . The results of the current study provide evidence in vivo that FSH is required for the preovulatory rise in plasma oestradiol.
The delay to oestrus and the preovulatory peaks of plasma gonadotrophins was more uniform in heifers treated with follicular fluid for 3 days (8 days after PGF-2ot) than in those treated for 1 day (4, 5, 6 and 7 days after PGF-2ct). One possible explanation for this difference is that, during the 3-day treatment, populations of follicles at stages of development earlier than the preovulatory follicle became atretic, reducing the number of follicles from which the preovulatory follicle could be selected. Channing, 1979) , sheep (Miller et al, 1982; McNeilly, 1984) and monkeys . DePaolo et al. (1979) suggested that endogenous production of inhibin may be low during treatment with follicular fluid due to inadequate stimulation of follicles with FSH, and that levels of FSH might increase after treatments are ended because the exogenous source of inhibin is removed. It was reported that in heifers the inhibin-like activity in follicular fluid of presumptive ovulatory follicles is higher than in atretic follicles and increases progressively during the 36 h after prostaglandin-induced luteolysis (Padmanabhan, Convey, Roche & Ireland, 1984) . In the present study it is likely that endogenous production of inhibin by the ovaries was decreased due to inhibition of preovulatory follicular development and/or function. In heifers injected with bovine follicular fluid every 6 h for 1 day (Exp. 2), levels of FSH increased before the last injection of bFF, suggesting that the pituitary may have become refractory to inhibition. A refractory response to bovine follicular fluid was reported for ewes (McNeilly, 1984) and was postulated to be due to reduced concentrations of oestradiol in plasma which might normally synergize with follicular fluid to inhibit FSH secretion. This is not an explanation for the results of the present study since plasma concentrations of oestradiol were reduced similarly in heifers treated with follicular fluid for 1 and 3 days, but a refractory response only occurred in heifers treated for 1 day.
On the day after the preovulatory surges of LH and FSH, plasma concentrations of LH returned to baseline but levels of FSH increased again in follicular fluid-treated and control heifers. The secondary increase in plasma FSH on the day after the gonadotrophin surges is consistent with previous reports for heifers , sheep (L'Hermite et al, 1972; Salamonsen et al, 1973; Pant, Hopkinson & Fitzpatrick, 1977) , hamsters (Bast & Greenwald, 1974) and rats (Daane & Parlow, 1971 (Fletcher, Dias, Sanzo & Reichert, 1982; Sato, Ishibashi & Iritani, 1982) and which inhibit follicular response to gonadotrophins in experiments in vivo (Kling et al, 1984; Cahill, Driancourt & Findlay, 1984) . From the results of the present study we cannot rule out the possibility that follicular fluid treatments may have had direct effects at the level of the ovary. However, the association of significant decreases in plasma FSH with a delay of oestrus and preovulatory follicular development suggests that in cattle FSH is required to support the growth and development of the preovulatory follicle.
